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ses the first step in this pathway and its activity is regulated allosterically, e.g. citrate (activator) and long-chain fatty acyl-CoA (inhibitor), and by reversible phosphorylation (Hardie, 1980; Hardie et al., 1984) . It is thus a prime candidate for such specific inhibition.
In the lactating mammary gland, 24 h starvation inhibits lipogenesis by 98% and this is accompanied by an inhibition of acetyl-CoA carboxylase that is the result of increased phosphorylation of the enzyme (Munday & Hardie, 1986) . This can be completely reversed by refeeding the rat, but this effect is blocked by streptozotocin treatment, suggesting that insulin stimulates the dephosphorylation and activation of the enzyme in vivo (Munday & Hardie, 1986) .
In crude extracts of the lactating mammary gland, the V,,, of acetyl-CoA carboxylase was 1.84 f 0.30 (n = 6) and 0.67 0.1 1 (n = 6) pmol/min per g wet wt. tissue for chow fed and high-fat fed rats respectively. After purification by avidin-Sepharose affinity chromatography, the enzyme exhibited an identical inhibition of V,,, (64%) in response to high-fat feeding, accompanied by an increase in the concentration of citrate required to half-maximally activate the enzyme ( A o 5 citrate). This correlated with an increase in its total alkali-labile phosphate content of 1 mol of phosphate/mol of acetyl-CoA carboxylase subunit.
The inhibition of acetyl-CoA carboxylase was still evident in isolated mammary acini (Table I) , although it is notable that the extent of inhibition was smaller than that measured in the whole tissue. As with lipogenesis, incubation of the cells with insulin completely reversed the inhibition of acetyl-CoA carboxylase by high-fat feeding, but had no effect on activity in chow-fed controls ( Table I ). These changes in activity were observed only in the V,,, of the enzyme since there were no significant differences between the A,,, citrate values for enzyme from any of the acini incubations. Acetyl-CoA carboxylase purified from control and insulin-treated acini from high-fat-fed rats had respective V,,,, values of 1.35 f 0.18 ( n = 5 ) and 1.83 & 0.13 ( n = 5 ) nmol/min per mg of enzyme. This increase (36%) was significant and similar to that observed in crude extracts.
The A,, citrate of the enzyme was unaltered, but the phosphate content decreased by 0.6 mol of phosphate/mol of enzyme subunit. This is in contrast to the situation in adipocytes where insulin activation of acetyl-CoA carboxylase is accompanied by increased phosphorylation of the enzyme (Browney & Denton, 1982) .
These results provide further evidence that in the lactating mammary gland the activation of acetyl-CoA carboxylase by insulin is an important component of its stimulation of lipogenesis and, as in the starved-refed transition, appears to occur via a dephosphorylation of the enzyme. Previous studies have shown that reversible phosphorylation plays an important role in the control of the activity of acetyl-CoA carboxylase, the enzyme catalysing the first reaction committed to fatty acid synthesis (for a review, see Hardie, 1980) . We have shown in this laboratory that the decrease in fatty acid synthesis seen in isolated hepatocytes treated with glucagon is due to the phosphorylation of acetyl-CoA carboxylase by cyclic-AMP-dependent protein kinase . However, there is also good evidence to suggest that an as yet uncharacterized cyclic-AMP-independent protein kinase must exist in the liver . In this paper we report the partial purification of a cyclic-AMP-independent protein kinase that phosphorylates acetyl-CoA carboxylase and describe the effects of this phosphorylation on enzyme activity. We have partially purified the protein kinase 570-fold from rat liver using a combination of polyethylene glycol precipitation and chromatography on phosphocellulose, Mono Q ion-exchange and Superose 12 gel filtration. Greater than 90% of the acetyl-CoA carboxylase kinase activity in a crude post-mitochondria1 supernatant fraction precipitaes between 3% and 5% (w/v) polyethylene glycol. During subsequent purification steps the activity behaves as a single species, except that during gel filtration on Superose 12 at low ionic strength ( I = 0.1 M) two separate peaks of activity are found, one eluting just after the void volume, the other eluting with an apparent molecular mass of approx. 140 kDa. However, if the gel filtration is carried out at high ionic strength ( I = 0 . 6~) .
only one peak of protein kinase activity is observed eluting with an apparent molecular mass of 140 kDa. This behaviour on gel filtration suggests that the acetyl-CoA carboxylase kinase is forming large aggregates at low ionic strength, either with itself or with other proteins. Western blotting experiments using affinity-purified antibody to acetyl-CoA carboxylase have shown that traces of acetyl-CoA carboxylase are present at all stages of the purification, so it is possible that the protein kinase is associated with acetyl-CoA carboxylase. A protein kinase which associates with acetyl-CoA carboxylase has been reported previously (Lent & Kim, 1982) and it will be important to investigate fully the possibility of any such association with the protein kinase reported here.
Using the partially purified protein kinase, we have studied the effect of phosphorylation on the activity of 619th MEETING. CAMBRIDGE purified rat mammary acetyl-CoA carboxylase. Phosphorylation of acetyl-CoA carboxylase by the protein kinase occurs rapidly, with a maximum incorporation of 1.6 mol of phosphate/mol of carboxylase subunit being reached after 45min (Fig. I) . Phosphorylation is not inhibited by the Phosphorylation affects the mobility of the 1077 heat-stable protein kinse inhibitor (50 units/ml), therefore ruling out the possibility that the protein kinase represents the free catalytic subunit of cyclic AMP-dependent protein kinase. Heparin, at a concentration of IOpg/ml, which inhibits the phosphorylation of acetyl-CoA carboxylase by casein kinase I and I1 (Tipper et al., 1983; ) also had no effect on the phosphorylation reaction.
The activity of acetyl-CoA carboxylase decreased dramatically in parallel with the phosphorylation by the protein kinase. At a subsaturating concentration ( 0 . 5 m~) of the allosteric activator, citrate, the activity of acetyl-CoA carboxylase decreases from 0.54 pmol/min per mg to 0.03 pmol/min per mg, while at IOrnM-citrate (a saturating concentration) the acetyl-CoA carboxylase activity decreases from 2pmol/min per mg to 0.45 pmol/min per mg (Fig. 1) . Rapid reversal of the phosphorylation and inhibition of acetyl-CoA carboxylase is achieved by the addition of the partially purified catalytic subunit of protein phosphatase-2A (not shown).
The physiological importance of this protein kinase in the control of hepatic lipogenesis is currently being investigated. It will be of interest to determine whether the protein kinase we have isolated can account for the high basal phosphorylation and low activity of acetyl-CoA carboxylase that is observed when the enzyme is isolated from rat liver in the presence of sodium fluoride (Holland e t al., 1984) . revealed that phosphorylation occurs at two serine residues designated site 1 and site 2 (Cook et af., 1984) . We have correlated site-specific phosphorylation to inactivation of complex purified from a number of different tissues and mammals (Paxton et al., 1986) . In all preparations, phosphorylation of both sites occurred at very similar rates until the complex was almost totally inactivated, precluding determination of the relative importance ofphosphorylation of each site to inactivation. However, phosphorylation in the presence of 1 m~-4-methyl-2-chloropentanoate, an inhibitor of the branched-chain 2-ox0 acid dehydrogenase kinase, almost completely blocked phosphorylation of site 2 while allowing phosphorylation, albeit at a slowed rate, of site I . These experiments allowed direct correlation of inactivation of the complex to phosphorylation of site I .
Published reports of the apparent molecular mass of El a as determinated by SDS/pol yacrylamide-gel electrophoresis vary slightly but significantly (46-49 kDa). Additionally, there are reports of a reduction of electrophoretic mobility of a number of proteins upon phosphorylation (e.g. DePaoliRoach e t ul., 1983). Since branched-chain 2-0x0 acid dehydrogenase exists in different phosphorylation states in different tissues and nutritional conditions, one explanation
